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MONO DIAMETER WELLBORE CASING 



This invention relates generally to oil and gas exploration, and in particular to a locking 
device and method for locking a tubular member to a support member for use in 
forming and repairing wellbore casings to facilitate oil and gas exploration. 

Background Of The Invention 

Conventionally, when a wellbore is created, a number of casings are installed in the 
borehole to prevent collapse of the borehole wall and to prevent undesired outflow of 
drilling fluid into the formation or inflow of fluid from the formation into the borehole. 
The borehole is drilled in intervals whereby a casing which is to be installed in a lower 
borehole interval is lowered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of 
smaller diameter than the casing of the upper interval. Thus, the casings are in a 
nested arrangement with casing diameters decreasing in downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the limitations of the 
existing procedures for forming and/or repairing wellbore casings. 

Summary of the Invention 
According to the present invention there is provided a locking device for locking a 
tubular member to a support member, comprising: 
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a radially movable locking device coupled to the support member for engaging an 
interior surface of the tubular member 

wherein the locking device comprises a positive casing locking dog having an 
external flange that includes a ribbed external surface that is adapted to engage and 
5 lock onto a ribbed internal surface of a positive casing locking collar, 

wherein the positive casing locking collar is threadably coupled to the tubular 
member. 

According to another aspect of the present invention there is provided a method of 
10 locking a tubular member to a support member, comprising: 

locking a locking element in a position that engages an interior surface of the 
tubular member by engaging a ribbed external surface of an external flange of a 
positive casing locking dog with a ribbed internal surface of a positive casing locking 
collar that Is threadably coupled to the tubular member. 

15 

Preferably, the method further comprises: 

controllably unlocking the locking element from engagement with the tubular 
member when an operating pressure exceeds a predetermined amount. 

20 Preferably, the method further comprises: 

controllably unlocking the locking element from engagement with the tubular 
member when a position exceeds a predetermined amount 
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Brief Description of the Drawings 



Fig. 1 is a fragmentary cross-sectional illustration of the placement of an embodiment 
of an apparatus for radially expanding and plastically deforming a tubular member 
within a preexisting structure. 

Fig. 2 is a fragmentary cross-sectional illustration of apparatus of Fig. 1 after displacing 
the adjustable expansion mandrel and the float shoe downwardly out of the end of the 
expandable tubular member. 

Fig. 3 is a fragmentary cross-sectional illustration of the apparatus of Fig. 2 after 
expanding the adjustable expansion mandrel. 

Fig. 4 is a fragmentary cross-sectional illustration of the apparatus of Fig. 3 after 
displacing the adjustable expansion mandrel upwardly to radially expand and plastically 
deform the expandable tubular member. 

Fig. 5 is a fragmentary cross-sectional illustration of the apparatus of Fig. 4 after 
displacing the actuator, locking device, and tubular support member upwardly relative 
to the adjustable expansion mandrel and the expandable tubular member. 

Fig. 6 is a fragmentary cross-sectional illustration of the apparatus of Fig. 5 after 
displacing the adjustable expansion mandrel upwardly to radially expand and plastically 
deform the expandable tubular member. 

Fig. 6a is a fragmentary cross-sectional illustration of the apparatus of Fig. 6 that 
include one or more cup seals positioned above the adjustable expansion mandrel for 
defining an annular pressure chamber above the adjustable expansion mandrel. 

Fig. 7 is a fragmentary cross-sectional illustration of the placement of an embodiment 
of an apparatus for drilling a borehole and radially expanding and plastically deforming 
a tubular member within the drilled borehole. 

Fig. 8 is a fragmentary cross-sectional illustration of the apparatus of Fig. 7 after 
pivoting the drilling elements of the drilling member radially inwardly. 
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Fig. 9 is a fragmentary cross-sectional illustration of apparatus of Fig. 8 after displacing 
the adjustable expansion mandrel and drilling member downwardly out of the end of 
the expandable tubular member. 

5 

Fig. 10 is a fragmentary cross-sectional illustration of the apparatus of Fig. 9 after 
expanding the adjustable expansion mandrel. 

Fig. 11 is a fragmentary cross-sectional illustration of the apparatus of Fig. 10 after 
10 displacing the adjustable expansion mandrel upwardly to radially expand and plastically 
deform the expandable tubular member. 

Fig. 12 is a fragmentary cross-sectional illustration of the apparatus of Fig. 11 after 
displacing the actuator, locking device, and tubular support member upwardly relative 
15 to the adjustable expansion mandrel and the expandable tubular member. 

Fig. 13 is a fragmentary cross-sectional illustration of the apparatus of Fig. 12 after 
displacing the adjustable expansion mandrel upwardly to radially expand and plastically 
deform the expandable tubular member. 

20 

Fig. 14 is a fragmentary cross-sectional illustration of the placement of an embodiment 
of an apparatus for radially expanding and plastically deforming a tubular member 
within a preexisting structure. 

25 Fig. 15 is a fragmentary cross-sectional illustration of the apparatus of Fig. 14 after 
displacing the lower adjustable expansion mandrel and float shoe downwardly out of 

the end of the expandable tubular member. • . „ 

• • • 

• • ■ 

Fig. 16 is a fragmentary cross-sectional illustration of the apparatus of Fig. 15 after '< 
30 expanding the lower adjustable expansion mandrel. 



Fig. 17 is a fragmentary cross-sectional illustration of the apparatus of Fig. 16 after 
displacing the lower adjustable expansion mandrel upwardly to radially expand and 
plastically deform the expandable tubular member. 
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Fig. 18 is a fragmentary cross-sectional illustration of the apparatus of Fig. 17 after 
displacing the upper and lower adjustable expansion mandrels downwardly relative to 
the expandable tubular member. 

Fig. 19 is a fragmentary cross-sectional illustration of the apparatus of Fig, 18 after 
collapsing the lower adjustable expansion mandrel and expanding the upper adjustable 
expansion mandrel. 

Fig. 20 is a fragmentary cross-sectional illustration of the apparatus of Fig. 19 after 
displacing the upper adjustable expansion mandrel upwardly to radially expand and 
plastically deform the expandable tubular member. 

Fig. 21 is a fragmentary cross-sectional illustration of the apparatus of Fig. 20 after 
displacing the tubular support member, the locking device, and the actuator upwardly 
relative to the upper adjustable expansion mandrel and the expandable tubular 
member. 

Fig. 22 is a fragmentary cross-sectional illustration of the apparatus of Fig. 21 after 
displacing the upper adjustable expansion mandrel upwardly to radially expand and 
plastically deform the expandable tubular member. 

Fig. 23 is a fragmentary cross-sectional illustration of a mono diameter wellbore casing 
formed using one or more of the apparatus of Figs. 1-22. 

Figs. 24a-24k are fragmentary cross sectional illustrations of the placement of an 
exemplary embodiment of an apparatus for radially expanding and plastically 
deforming a tubular member within a wellbore that traverses a subterranean formation. 

Fig. 25a~25f are fragmentary cross sectional and perspective illustrations of the 
expansion cone assembly of the apparatus of Figs. 24a-24k. 

Fig. 25g is a perspective illustration of a float shoe locking dog. 



Fig. 25h is a fragmentary cross sectional illustration of the design and operation of the 
casing gripper locking dogs. 

Figs. 26a-26k are fragmentary cross sectional illustrations of the apparatus of Figs. 
24a-24k after expanding the expansion cone assembly. 

Figs. 27a-27b are a fragmentary cross sectional and perspective illustrations of the 
expansion cone assembly of the apparatus of Figs. 26a-26k. 

Figs. 28a-28j are fragmentary cross sectional illustrations of the apparatus of Figs. 26a* 
26k during the upward displacement of the expansion cone assembly by the actuators 
to radially expand and plastically deform a portion of the casing. 

Figs. 29a-29m are fragmentary cross sectional illustrations of the apparatus of Figs. 
28a-28j after the collapse of the expansion cone assembly. 

Fig. 30a-30c are fragmentary cross sectional illustrations of the process for collapsing 
the expansion cone assembly of the apparatus of Figs. 29a-29m. 

Figs. 31a-31n are fragmentary cross sectional illustrations of the apparatus of Figs. 
29a-29m after the plastic deformation and radial expansion of the sealing sleeve and 
the disengagement of the casing from the locking dogs of the casing lock assembly. 

Figs. 32a-32k are fragmentary cross sectional illustrations of the apparatus of Figs. 
31a-31n after setting down the apparatus onto the bottom of the wellbore to open the 
bypass valve in the shoe and expand the expansion cone assembly. 

Figs. 33a-33p are fragmentary cross sectional illustrations of the apparatus of Figs. 
32a-32k during the radial expansion and plastic deformation of the casing. 

Figs. 34a-34l are fragmentary cross sectional illustrations of the apparatus of Figs. 33a- 
33p during the radial expansion and plastic deformation of a portion of the casing that 
overlaps within a preexisting wellbore casing within the wellbore. 
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Figs. 35a-35l are fragmentary cross sectional illustrations of the apparatus of Figs. 28a- 
28j during the emergency collapse of the expansion cone assembly. 

Figs. 36a-36b are fragmentary cross sectional illustrations of several exemplary 
embodiments of the operation of the pressure balance piston. 

Detailed Description of the Illustrative Embodiments 

Referring to Fig. 1, an exemplary embodiment of an apparatus 10 for radially 
expanding and plastically deforming a tubular member 12 includes a tubular support 
member 14 that extends into the tubular member that is coupled to an end of a locking 
device 16 for controllably engaging the tubular member. Another end of the locking 
device 16 is coupled to a tubular support member 18 that is coupled to an end of an 
actuator 20. Another end of the actuator 20 is coupled to a tubular support member 22 
that is coupled to an end of an adjustable expansion mandrel 24 for radially expanding 
and plastically deforming the tubular member 12. Another end of the adjustable 
expansion mandrel 24 is coupled to a tubular support member 26 that is coupled to an 
end of a float shoe 28 that mates with and is at least partially received within a lower 
end of the tubular member 12. In an exemplary embodiment, the locking device 16, 
the tubular support member 18, the actuator 20, the tubular support member 22, the 
adjustable expansion mandrel 24, and the tubular support member 26 are positioned 
within the tubular member 12. 

In an exemplary embodiment, the tubular member 12 includes one or more solid and/or 
slotted tubular members, and one or more of the solid and/or slotted tubular members 
include resilient sealing members coupled to the exterior surfaces of the solid and/or 
slotted tubular members for engaging the wellbore 30 and/or one or more preexisting 
wellbore casings coupled to the wellbore. In an exemplary embodiment, the tubular 
support members, 14, 18, 22, and 26 define corresponding passages, that may or may 
not be valveable, for conveying fluidic materials into and/or through the apparatus 10. 

In an exemplary embodiment, the locking device 16 includes one or more conventional 
controllable locking devices such as, for example, slips and/or dogs for controllably 



engaging the tubular member 12. In an exemplary embodiment, the locking device 16 
is controlled by injecting fluidic materials into the locking device. 

In an exemplary embodiment, the actuator 20 is a conventional actuator that is adapted 
5 to displaced the adjustable expansion mandrel 24 and float shoe 28 upwardly or 
downwardly relative to the actuator. 

In an exemplary embodiment, the adjustable expansion mandrel 24 is a conventional 
adjustable expansion mandrel that may be expanded to a larger outside dimension or 

10 collapsed to a smaller outside dimension and includes external surfaces for engaging 
the tubular member 12 to thereby radially expand and plastically deform the tubular 
member when the adjustable expansion mandrel is expanded to the larger outside 
dimension. In an alternative embodiment, the adjustable expansion mandrel 24 may 
include a rotary adjustable expansion device such as, for example, the commercially 

15 available rotary expansion devices of Weatherford International, Inc. In several 
alternative embodiments, the cross sectional profile of the adjustable expansion 
mandrel 24 for radial expansion operations may, for example, be an n-sided shape, 
where n may vary from 2 to infinity, and the side shapes may include straight line 
segments, arcuate segments, parabolic segments, and/or hyperbolic segments. In 

20 several alternative embodiments, the cross sectional profile of the adjustable 
expansion mandrel 24 may, for example, be circular, oval, elliptical, and/or 
multifaceted. 

In an exemplary embodiment, the float shoe 28 is a conventional float shoe. 

25 

In an exemplary embodiment, the apparatus 10 is positioned within a preexisting 
structure 30 such as, for example, a wellbore that traverses a subterranean formation 
32. The wellbore 30 may have any orientation from vertical to horizontal. In several 
exemplary embodiments, the wellbore 30 may include one or more preexisting solid 
30 and/or slotted and/or perforated wellbore casings that may or may not overlap with one 
another within the wellbore. 

As illustrated in Fig. 2, the adjustable expansion mandrel 24 and the float shoe 28 are 
then displaced downwardly out of the tubular member 12 by the actuator 20. During 
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the downward displacement of the adjustable expansion mandrel 24 and the float shoe 
28 out of the tubular member 12, the tubular member is maintained in a stationary 
position relative to the tubular support member 14 by the locking device 16. 

As illustrated in Fig. 3, the adjustable expansion mandrel 24 is then expanded to the 
larger dimension. In several alternative embodiments, the adjustable expansion 
mandrel 24 may be expanded to the larger dimension by, for example, injecting a 
fluidic material into the adjustable expansion mandrel and/or by impacting the float 
shoe 28 on the bottom of the wellbore 30. After expanding the adjustable expansion 
mandrel 24 to the larger dimension, expansion surfaces 24a are defined on the 
adjustable expansion mandrel that may include, for example, conical, spherical, 
elliptical, and/or hyperbolic surfaces for radially expanding and plastically deforming the 
tubular member 12. In an exemplary embodiment, the expansion surfaces 24a also 
include means for lubricating the interface between the expansion surfaces and the 
tubular member 12 during the radial expansion and plastic deformation of the tubular 
member. 

As illustrated in Fig. 4, the adjustable expansion mandrel 24 is then displaced upwardly 
by the actuator 20 to thereby radially expand and plastically deform a portion of the 
tubular member 12. In an exemplary embodiment, during the upward displacement of 
the adjustable expansion mandrel 24, the tubular member 12 is maintained in a 
stationary position relative to the tubular support member 14 by the locking device 16. 
In an exemplary embodiment, the tubular member 12 is radially expanded and 
plastically deformed into engagement with the wellbore 30 and/or one or more 
preexisting wellbore casings coupled to the wellbore 30. In an exemplary embodiment, 
the interface between the expansion surfaces 24a of the adjustable expansion mandrel 
24 and the tubular member 12 is not fluid tight in order to facilitate the lubrication of the 
interface between the expansion surface of the adjustable expansion mandrel and the 
tubular member. 

As illustrated in Fig. 5, the locking device 16 is then disengaged from the tubular 
member 12, and the tubular member 12 is supported by the adjustable expansion 
mandrel 24. The tubular support member 14, the locking device 16, the tubular support 
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member 18, and the actuator 20 are then displaced upwardly relative to the adjustable 
expansion mandrel 24. 

As illustrated in Fig. 6, the locking device 16 then engages the tubular member 12 to 
maintain the tubular member in a stationary position relative to the tubular support 
member 14, and the adjustable expansion mandrel 24 is displaced upwardly relative by 
the actuator 20 to radially expand and plastically deform another portion of the tubular 
member. 

In an exemplary embodiment, the operations of Figs. 5 and 6 are then repeated until 
the entire length of the tubular member 12 is radially expanded and plastically 
deformed by the adjustable expansion mandrel 24. In several alternative 
embodiments, the adjustable expansion mandrel 24 may be collapsed to the smaller 
dimension prior to the further, or complete, radial expansion and plastic deformation of 
the tubular member 12. 

In several alternative embodiments, as illustrated in Fig. 6a, the apparatus 10 further 
includes one or more cup seals 34 that are coupled to the tubular support member 22 
and engage the tubular member 12 to define an annular chamber 36 above the 
adjustable expansion cone 24, and fluidic materials 38 are injected into the tubular 
member 12 through passages defined within the tubular support member 14, the 
locking device 16, the tubular support member 18, the actuator 20, the tubular support 
member 22, the adjustable expansion mandrel 24, the tubular support member 26, and 
the float shoe 28 to thereby pressurize the annular chamber 36. In this manner, the 
resulting pressure differential created across the cup seals 34 causes the cup seals to 
pull the adjustable expansion mandrel 24 upwardly to radially expand and plastically 
deform the tubular member 12. In several alternative embodiments, the injection of the 
fluidic material 38 into the tubular member 12 is provided in combination with, or in the 
alternative to, the upward displacement of the expansion mandrel 24 by the actuator 
20. In several alternative embodiments, during the injection of the fluidic material 38, 
the locking device 16 is disengaged from the tubular member 12. 

Referring to Fig. 7, an alternative embodiment of an apparatus 100 for radially 
expanding and plastically deforming the tubular member 12 is substantially identical in 
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design and operation to the apparatus 10 with the addition of one or more conventional 
drilling members 40a-40b that are pivotally coupled to the float shoe 28. During 
operation of the apparatus 100, the drilling members 40a-40b may be operated to 
extend the length and/or diameter of the wellbore 30, for example, by rotating the 
5 apparatus and/or by injecting fluidic materials into the apparatus to operate the drilling 
members. 

As illustrated in Fig. 7, in an exemplary embodiment the apparatus 100 is initially 
positioned within the preexisting structure 30. 

10 

As illustrated in Fig. 8, in an exemplary embodiment, the drilling members 40a-40b may 
then be pivoted inwardly in a conventional manner. 

As illustrated in Fig. 9 the adjustable expansion mandrel 24, the float shoe 28, and the 
1 5 drilling members 40a-40b are then displaced downwardly out of the tubular member 1 2 
by the actuator 20. During the downward displacement of the adjustable expansion 
mandrel 24, the float shoe 28, and the drilling members 40a-40b out of the tubular 
member 12, the tubular member is maintained in a stationary position relative to the 
tubular support member 14 by the locking device 16. 

20 

As illustrated in Fig. 10, the adjustable expansion mandrel 24 is then expanded to the 
larger dimension. In several alternative embodiments, the adjustable expansion 
mandrel 24 may be expanded to the larger dimension by, for example, injecting a 
fluidic material into the adjustable expansion mandrel and/or by impacting the drilling 

25 members 40a-40b on the bottom of the wellbore 30. After expanding the adjustable 
expansion mandrel 24 to the larger dimension, expansion surfaces 24a are defined on 
the adjustable expansion mandrel that may include, for example, conical, spherical, 
elliptical, and/or hyperbolic surfaces for radially expanding and plastically deforming the 
tubular member 12. In an exemplary embodiment, the expansion surfaces 24a also 

30 include means for lubricating the interface between the expansion surfaces and the 
tubular member 12 during the radial expansion and plastic deformation of the tubular 
member. 
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As illustrated in Fig. 11, the adjustable expansion mandrel 24 is then displaced 
upwardly by the actuator 20 to thereby radially expand and plastically deform a portion 
of the tubular member 12. In an exemplary embodiment during the upward 
displacement of the adjustable expansion mandrel 24, the tubular member 12 is 
maintained in a stationary position relative to the tubular support member 14 by the 
locking device 16. In an exemplary embodiment, the tubular member 12 is radially 
expanded and plastically deformed into engagement with the wellbore 30 and/or one or 
more preexisting wellbore casings coupled to the wellbore 30. In an exemplary 
embodiment, the interface between the expansion surfaces 24a of the adjustable 
expansion mandrel 24 and the tubular member 12 is not fluid tight in order to facilitate 
the lubrication of the interface between the expansion surface of the adjustable 
expansion mandrel and the tubular member. 

As illustrated in Fig. 12, the locking device 16 is then disengaged from the tubular 
member 12, and the tubular member 12 is supported by the adjustable expansion 
mandrel 24. The tubular support member 14, the locking device 16, the tubular support 
member 18, and the actuator 20 are then displaced upwardly relative to the adjustable 
expansion mandrel 24. 

As illustrated in Fig. 13, the locking device 16 then engages the tubular member 12 to 
maintain the tubular member in a stationary position relative to the tubular support 
member 14, and the adjustable expansion mandrel 24 is displaced upwardly relative by 
the actuator 20 to radially expand and plastically deform another portion of the tubular 
member. 

In an exemplary embodiment, the operations of Figs. 12 and 13 are then repeated until 
the entire length of the tubular member 12 is radially expanded and plastically 
deformed by the adjustable expansion mandrel 24. In several alternative 
embodiments, the adjustable expansion mandrel 24 may be collapsed to the smaller 
dimension prior to the further, or complete, radial expansion and plastic deformation of 
the tubular member 12. 

Referring to Fig. 14, an alternative embodiment of an apparatus 200 for radially 
expanding and plastically deforming the tubular member 12 is substantially identical in 
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design and operation to the apparatus 10 except that the adjustable expansion mandrel 
24 has been replaced by an upper adjustable expansion mandrel 202 that is coupled to 
the tubular support member 22. a tubular support member 204 that is coupled to the 
upper adjustable expansion mandrel, and a lower adjustable expansion mandrel 206 
5 that is coupled to the tubular support member 204 and the tubular support member 26. 

The upper and lower adjustable expansion mandrels. 202 and 206, may be 
conventional adjustable expansion mandrels that may be expanded to larger outside 
dimensions or collapsed to smaller outside dimensions and include external surfaces 

10 for engaging the tubular member 12 to thereby radially expand and plastically deform 
the tubular member when the adjustable expansion mandrels are expanded to the 
larger outside dimensions. In an alternative embodiment, the upper and/or lower 
adjustable expansion mandrels, 202 and 206, may include rotary adjustable expansion 
devices such as, for example, the commercially available rotary expansion devices of 

15 Weatherford International, Inc. In an exemplary embodiment, the tubular support 
member 204 defines a passage, that may, or may not, be valveable, for conveying 
fluidic materials Into and/or through the apparatus 200. In several alternative 
embodiments, the cross sectional profiles of the adjustable expansion mandrels, 202 
and 206, for radial expansion operations may, for example, be n-sided shapes, where n 

20 may vary from 2 to infinity, and the side shapes may include straight line segments, 
arcuate segments, parabolic segments, and/or hyperbolic segments. In several 
alternative embodiments, the cross sectional profiles of the adjustable expansion 
mandrels, 202 and 206, may, for example, be circular, oval, elliptical, and/or 
multifaceted. 

25 

As illustrated in Fig. 14, in an exemplary embodiment, the apparatus 200 is initially 
positioned within the preexisting structure 30. 

As illustrated in Fig. 15, the lower adjustable expansion mandrel 206 and the float shoe 
30 28 are then displaced downwardly out of the tubular member 12 by the actuator 20. 
During the downward displacement of the lower adjustable expansion mandrel 206 and 
the float shoe 28 out of the tubular member 12, the tubular member is maintained in a 
stationary position relative to the tubular support member 14 by the locking device 16. 
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As illustrated in Fig. 16, the lower adjustable expansion mandrel 206 is then expanded | 
to the larger dimension. In several alternative embodiments, the lower adjustable 

expansion mandrel 206 may be expanded to the larger dimension by, for example, |j 
injecting a fluidic material into the lower adjustable expansion mandrel and/or by 

5 impacting the float shoe 28 on the bottom of the wellbore 30. After expanding the g 
lower adjustable expansion mandrel 206 to the larger dimension, expansion surfaces 

206a are defined on the lower adjustable expansion mandrel that may include, for | 

example, conical, spherical, elliptical, and/or hyperbolic surfaces for radially expanding ■ 

and plastically deforming the tubular member 12. In an exemplary embodiment, the .g 

10 expansion surfaces 206a also include means for lubricating the interface between the ■ 

expansion surfaces and the tubular member 12 during the radial expansion and plastic ^ 

deformation of the tubular member. m 

As illustrated in Fig. 17, the lower adjustable expansion mandrel 206 is then displaced J 
15 upwardly by the actuator 20 to thereby radially expand and plastically deform a portion 

12a of the tubular member 12. In an exemplary embodiment, during the upward J 
displacement of the lower adjustable expansion mandrel 206, the tubular member 12 is 
maintained in a stationary position relative to the tubular support member 14 by the j| 
locking device 16. In an exemplary embodiment, the tubular member 12 is radially 
20 expanded and plastically deformed into engagement with the wellbore 30 and/or one or J 
more preexisting wellbore casings coupled to the wellbore 30. In an exemplary 
embodiment, the interface between the expansion surfaces 206a of the lower g 
adjustable expansion mandrel 206 and the tubular member 12 is not fluid tight in order ■ 
to facilitate the lubrication of the interface between the expansion surface of the lower j 
25 adjustable expansion mandrel and the tubular member. In an exemplary embodiment, ■ 
the expansion surfaces 206a also include means for lubricating the interface between 
the expansion surfaces and the tubular member 12 during the radial expansion and 
plastic deformation of the tubular member. 

30 As illustrated in Fig. 18, the upper and lower adjustable expansion mandrels, 202 and 
206, and the float shoe 28 are then displaced downwardly by the actuator 20. During 
the downward displacement of the upper and lower adjustable expansion mandrels, 
202 and 206, and the float shoe 28, the tubular member is maintained in a stationary 
position relative to the tubular support member 14 by the locking device 16. 

14 
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As illustrated in Fig. 19, the upper adjustable expansion mandrel 202 is then expanded 
to the larger dimension and the lower adjustable expansion mandrel 206 is collapsed to 
the smaller dimension. In an exemplary embodiment, the larger dimension of the 
5 upper adjustable expansion mandrel 202 is less than the larger dimension of the lower 
adjustable expansion mandrel 206. In several alternative embodiments, the upper 
adjustable expansion mandrel 202 may be expanded to the larger dimension and the 
lower adjustable expansion mandrel 206 may be collapsed to the smaller dimension 
by, for example, injecting fluidic material into the upper and/or adjustable expansion 

10 mandrel and/or by impacting the float shoe 28 on the bottom of the wellbore 30. After 
expanding the upper adjustable expansion mandrel 202 to the larger dimension, 
expansion surfaces 202a are defined on the upper adjustable expansion mandrel that 
may include, for example, conical, spherical, elliptical, and/or hyperbolic surfaces for 
radially expanding and plastically deforming the tubular member 12. In an exemplary 

15 embodiment, the expansion surfaces 202a also include means for lubricating the 
interface between the expansion surfaces and the tubular member 12 during the radial 
expansion and plastic deformation of the tubular member. 

As illustrated in Fig. 20, the upper adjustable expansion mandrel 202 is then displaced 
20 upwardly by the actuator 20 to thereby radially expand and plastically deform a portion 
12b of the tubular member 12 above the portion 12a of the tubular member. In an 
exemplary embodiment, the inside diameter of the radially expanded and plastically 
deformed portion 12a of the tubular member 12 is greater than the inside diameter of 
the radially expanded and plastically deformed portion 12b of the tubular member. In 
25 an exemplary embodiment, during the upward displacement of the upper adjustable 
expansion mandrel 202, the tubular member 12 is maintained in a stationary position 
relative to the tubular support member 14 by the locking device 16. In an exemplary 
embodiment, the tubular member 12 is radially expanded and plastically deformed into 
engagement with the wellbore 30 and/or one or more preexisting wellbore casings 
30 coupled to the wellbore 30. In an exemplary embodiment, the interface between the 
expansion surfaces 202a of the upper adjustable expansion mandrel 202 and the 
tubular member 12 is not fluid tight in order to facilitate the lubrication of the interface 
between the expansion surface of the upper adjustable expansion mandrel and the 
tubular member. 

15 
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As illustrated in Fig. 21, the locking device 16 is then disengaged from the tubular 
member 12, and the tubular member 12 is supported by the upper adjustable 
expansion mandrel 202. The tubular support member 14, the locking device 16, the 
5 tubular support member 18, and the actuator 20 are then displaced upwardly relative to 
the upper adjustable expansion mandrel 202 and the tubular member 12. 

As illustrated in Fig. 22, the locking device 16 then engages the tubular member 12 to 
maintain the tubular member in a stationary position relative to the tubular support 
10 member 14, and the upper adjustable expansion mandrel 202 is displaced upwardly 
relative by the actuator 20 to radially expand and plastically deform the portion 12b of 
the tubular member. 

In an exemplary embodiment, the operations of Figs. 21 and 22 are then repeated until 
15 the remaining length of the portion 12b of the tubular member 12 is radially expanded 
and plastically deformed by the upper adjustable expansion mandrel 202. In several 
alternative embodiments, the upper adjustable expansion mandrel 202 may be 
collapsed to the smaller dimension prior to the further, or complete, radial expansion 
and plastic deformation of the tubular member 12. 

20 

Referring to Fig. 23, in an exemplary embodiment, the method and apparatus of one or 
more of Figs. 1-22 are repeated to provide a mono diameter wellbore casing 300 within 
a borehole 302 that traverses a subterranean formation 304 by successively 
overlapping and radially expanding and plastically deforming wellbore casing 306a- 
25 306d within the wellbore. In this manner, a wellbore casing 300 is provided that 
defines an interior passage having a substantially constant cross sectional area 
throughout its length. In several alternative embodiments, the cross section of the 
wellbore casing 300 may be, for example, square, rectangular, elliptical, oval, circular 
and/or faceted. 
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Referring to Figs. 24a-24k, an exemplary embodiment of an apparatus 400 for radially : . • . I • j 
expanding and plastically deforming a tubular member includes a tubular support 
member 402 that defines a longitudinal passage 402a that is threadably coupled to and 
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received within an end of a tool joint adaptor 404 that defines a longitudinal passage 
404a and radial passages 404b and 404c. 

The other end of the tool joint adaptor 404 receives and is threadably coupled to an 
end of a gripper upper mandrel 406 that defines a longitudinal passage 406a, external 
radial mounting holes, 406b and 406c, an external annular recess 406d, an external 
annular recess 406e, hydraulic port 406f, an internal annular recess 406g, hydraulic 
port 406h, external radial mounting holes, 406i and 406j, and includes a flange 406k, 
and a flange 4061. Torsional locking pins, 408a and 408b, are coupled to the external 
radial mounting holes, 406b and 406c, respectively, of the gripper upper mandrel 406 
and received within the radial passages, 404b and 404c, respectively, of the tool joint 
adaptor 404. 

A spring retainer sleeve 410 that includes a flange 410a receives and is threadably 
coupled to the gripper upper mandrel 406 between an end face of the tool joint adaptor 
404 and the flange 406k of the gripper upper mandrel A bypass valve body 412 
receives and is movably coupled to the gripper upper mandrel 406 that defines radial 
passages, 412a and 412b, and an internal annular recess 412c includes a flange 41 2d. 

An end of a spring cover 414 receives and is movably coupled to the spring retainer 
sleeve 410 that defines an internal annular recess 414a. The other end of the spring 
cover 414 receives and is threadably coupled to an end of the bypass valve body 412. 
A spring guide 416, a spring 418, and a spring guide 420 are positioned within an 
annular chamber 422 defined between the spring cover 414 and the flange 406k of the 
gripper upper mandrel 406. Furthermore, an end of the spring guide 416 abuts an end 
face of the spring retainer sleeve 410. 

Casing gripper locking dogs, 424a and 424b, are received and pivotally mounted within 
the radial passages, 412a and 412b, respectively, of the bypass valve body 412. An 
end of each of the casing gripper locking dogs, 424a and 424b, engage and are 
received within the outer annular recess 406d of the gripper upper mandrel 406. An 
end of a debris trap 426 receives and is threadably coupled to an end of the bypass 
valve body 412, and the other end of the debris trap receives and is movably coupled 
to the flange 406I of the gripper upper mandrel 406. 

17 
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An end of a gripper body 428 receives and is threadably coupled to an end of the 
gripper upper mandrel 406 that defines a longitudinal passage 428a. radial passages, 
428b and 428c, radial slip mounting passages, 428d-428m, and radial passages, 428n 
5 and 428o, includes a flange 428p. 



Hydraulic slip pistons 432a-432j are movably mounted with the radial slip mounting 
passages 428d-428m, respectively, for movement in the radial direction. Retainers 
434a-434j are coupled to the exterior of the flange 428p of the gripper body 428 for 

10 limiting the outward radial movement of the hydraulic slip pistons 432a-432j, 
respectively, and springs 436a-436j are positioned within the radial slip mounting 
passages, 428d-428m, respectively, of the gripper body between the hydraulic slip 
pistons, 432a-432j, and the retainers, 434a-434j, respectively. During operation of the 
apparatus 400, pressurization of the radial slip mounting passages, 428d-428m r 

15 displaces the hydraulic slip pistons, 432a-432j, respectively, radially outwardly and 
compresses the springs, 436a-436j, respectively, and during depressurization of the 
radial slip mounting passages, 428d-*28m, springs, 436a-436j, respectively, displace 
the hydraulic slip pistons. 432a-432j, inwardly. In an exemplary embodiment, 
displacement of the hydraulic slip pistons 432a-432j radially outwardly permits at least 

20 portions of the hydraulic slip pistons to engage and grip an outer tubular member. 

Torsional locking pins, 438a and 438b, are coupled to the external radial mounting 
holes, 406i and 406j, respectively, of the gripper upper mandrel 406 and received 
within the radial passages, 428b and 428c, respectively, of the gripper body 428. 



25 
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An end of a gripper body 440 receives and is threadably coupled to an end of the 
gripper body 428 that defines a longitudinal passage 440a, radial passages, 440b and 
440c, radial slip mounting passages, 440d-440m, and radial passages, 440n and 440o, 
includes a flange 440p. 

Hydraulic slip pistons 442a-442j are movably mounted with the radial slip mounting 
passages 440d-440m, respectively, for movement in the radial direction. Retainers 
444a-444j are coupled to the exterior of the flange 440p of the gripper body 440 for 
limiting the outward radial movement of the hydraulic slip pistons 442a-442j, 

18 
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respectively, and springs 446a-446j are positioned within the radial slip mounting 
passages, 440d-440m, respectively, of the gripper body between the hydraulic slip 
pistons, 442a-442j, and the retainers, 444a-444j, respectively. During operation of the 
apparatus 400, pressurization of the radial slip mounting passages, 440d-440m, 
displaces the hydraulic slip pistons, 442a-442j, respectively, radially outwardly and 
compresses the springs, 446a-446j, respectively, and during depressurization of the 
radial slip mounting passages, 440d-440m, the springs, 446a-446j, respectively, 
displace the hydraulic slip pistons, 442a-442j, radially inward. In an exemplary 
embodiment, displacement of the hydraulic slip pistons 442a-442j radially outwardly 
permits at least portions of the hydraulic slip pistons to engage and grip an outer 
tubular member 

Torsional locking pins, 448a and 448b, are coupled to the external radial mounting 
holes, 428n and 428o, respectively, of the gripper body 428 and received within the 
radial passages, 440b and 440c, respectively, of the gripper body 440. 

An end of a tool joint adaptor 450 that defines a longitudinal passage 450a, radial 
passages, 450b and 450c, and an inner annular recess 450d, receives and is 
threadably coupled to an end of the gripper body 440. Torsional locking pins, 452a and 
452b, are coupled to the external radial mounting holes, 440n and 440o, respectively, 
of the gripper body 428 and received within the radial passages, 450b and 450c, 
respectively, of the tool joint adaptor 450. 

A bypass tube 454 that defines a longitudinal passage 454a is received within the 
longitudinal passages, 406a, 428a, 440a, and 450a, of the gripper upper mandrel 406, 
the gripper body 428, the gripper body 440, and the tool joint adaptor 450, respectively, 
is coupled to the recess 406g of the gripper upper mandrel at one end and is coupled 
to the recess 450d of the tool joint adaptor at the other end. 

An end of a cross over adaptor 456 that defines a longitudinal passage 456a receives 
and is threadably coupled to an end of the tool joint adaptor 450. The other end of the 
cross over adaptor 456 is received within and is coupled to an end of a tool joint 
adaptor 458 that defines a longitudinal passage 458a and external radial mounting 
holes, 458b and 458a 

19 



An end of a positive casing lock releasing mandrel 476 that defines a longitudinal 
passage 476a, an external annular recess 476b, an external annular recess 476c, an 
external annular recess 476d, and an external annular recessed end portion 476e, is 

20 
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An end of a positive casing locking body 460 that defines a tapered longitudinal 
passage 460a and radial passages, 460b and 460c, receives and is threadably coupled j| 
to the other end of the tool joint adaptor 458. Torsional locking pins, 462a and 462b, 
5 are coupled to the external radial mounting holes, 458b and 458c, respectively, of the § 
tool joint adaptor 458 and received within the radial passages, 460b and 460c. 
respectively, of the positive casing locking body 460. g 

An end of a positive casing locking dog 464 mates with, is received within, and is j 

10 coupled to the other end of the positive casing locking body 460 that includes internal ■ 

flanges, 464a and 464b, and an external flange 464c. In an exemplary embodiment, ^ 

the external flange 464c of the positive casing locking dog 464 includes an ribbed m 
external surface 464d that engages and locks onto a ribbed internal surface 466a of a 

positive casing locking collar 466. j§ 

15 

One end of the positive casing locking collar 466 is threadably coupled to a casing 468 |j 
and the other end of the positive casing locking collar is threadably coupled to a casing 

470 that defines radial mounting holes, 470a and 470b, at a lower end thereof. In this j| 
manner, the casings, 468 and 470, are also engaged by and locked onto the positive 

20 casing locking dog 464. Jj 

The other end of the positive casing locking dog 464 mates with, is received within, and M 
is coupled to an end of a positive casing locking body 472 that defines a tapered ■ 
longitudinal passage 472a and radial passages, 472b and 472c. The other end of the j 

25 positive casing locking body 472 receives, mates with, and is coupled to an end of a ■ 
casing lock barrel adaptor 474 that defines external radial mounting holes, 474a and 
474b, and external radial mounting holes, 474c and 474d. Torsional locking pins, 475a 
and 475b, are coupled to the external radial mounting holes, 474a and 474b, 
respectively, of the casing lock barrel adaptor 474 and received within the radial 

30 passages, 472b and 472c, respectively, of the positive casing locking body 472. 
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received within and movably coupled to an end of the tool joint adaptor 458. The 
middle portion of the positive casing lock releasing mandrel 476 is received within and 
mates with the internal flanges, 464a and 464b, of the positive casing locking dogs 
464. The other end of the positive casing lock releasing mandrel 476 is received 
within and is movably coupled to the end of the casing lock barrel adaptor 474, and the 
external annular recessed portion 476e of the positive casing lock releasing mandrel is 
threadably coupled to and received within an end of a positive casing lock lower 
mandrel 478 that defines a longitudinal passage 478a, external radial mounting holes, 
478b and 478c, and an external annular recessed end portion 478d. 

A shear pin ring 480 that defines radial passages, 480a and 480b, receives and mates 
with the positive casing lock lower mandrel 478. Shear pins, 482a and 482b, are 
coupled to the external radial mounting holes, 478b and 478c, respectively, of the 
positive casing lock lower mandrel 478 and are received within the radial passages, 
480a and 480b, respectively, of the shear pin ring 480. 

An end of an actuator barrel 484 that defines a longitudinal passage 484a, radial 
passages, 484b and 484c, and radial passages, 484d and 484e, is threadably coupled 
to an end of the casing lock barrel adaptor 474. Torsional locking pins, 486a and 486b t 
are coupled to the external radial mounting holes, 474c and 474d f respectively, of the 
casing lock barrel adaptor and are received within the radial passages, 484b and 484c, 
respectively, of the actuator barrel. 

The other end of the actuator barrel 484 is threadably coupled to an end of a barrel 
connector 486 that defines an internal annular recess 486a, external radial mounting 
holes, 486b and 486c, radial passages, 486d and 486e, and external radial mounting 
holes, 486f and 486g. A sealing cartridge 488 is received within and coupled to the 
internal annular recess 486a of the barrel connector 486 for fluid icly sealing the 
interface between the barrel connector and the sealing cartridge. Torsional locking 
pins, 490a and 490b, are coupled to and mounted within the external radial mounting 
holes, 486b and 486c, respectively, of the barrel connector 486 and received within the 
radial passages, 484d and 484e, of the actuator barrel 484. 
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The other end of the barrel connector 486 is threadably coupled to an end of an 
actuator barrel 492 that defines a longitudinal passage 492a, radial passages, 492b 
and 492c, and radial passages, 492d and 492e. Torsional locking pins, 494a and 
494b, are coupled to and mounted within the external radial mounting holes, 486f and 
5 486g, respectively, of the barrel connector 486 and received within the radial passages, 
492b and 492c, of the actuator barrel 492. The other end of the actuator barrel 492 is 
threadably coupled to an end of a barrel connector 496 that defines an internal annular 
recess 496a, external radial mounting holes, 496b and 496c, radial passages, 496d 
and 496e, and external radial mounting holes, 496f and 496g. A sealing cartridge 498 

10 is received within and coupled to the internal annular recess 496a of the barrel 
connector 496 for fluidicly sealing the interface between the barrel connector and the 
sealing cartridge. Torsional locking pins, 500a and 500b, are coupled to and mounted 
within the external radial mounting holes, 496b and 496c, respectively, of the barrel 
connector 496 and received within the radial passages, 492d and 492e, of the actuator 

15 barrel 492. 

The end of the barrel connector 496 is threadably coupled to an end of an actuator 
barrel 502 that defines a longitudinal passage 502a, radial passages, 502b and 502c, 
and radial passages, 502d and 502e. Torsional locking pins, 504a and 504b, are 

20 coupled to and mounted within the external radial mounting holes, 496f and 496g, 
respectively, of the barrel connector 496 and received within the radial passages, 502b 
and 502c, of the actuator barrel 502. The other end of the actuator barrel 502 is 
threadably coupled to an end of a barrel connector 506 that defines an internal annular 
recess 506a, external radial mounting holes, 506b and 506c, radial passages, 506d 

25 and 506e, and external radial mounting holes, 506f and 506g. Torsional locking pins, 
508a and 508b, are coupled to and mounted within the external radial mounting holes, 
506b and 506c, respectively, of the barrel connector 506 and received within the radial 
passages, 502d and 502e, of the actuator barrel 502. A sealing cartridge 510 is 
received within and coupled to the internal annular recess 506a of the barrel connector 

30 506 for fluidicly sealing the interface between the barrel connector and the sealing 
cartridge. 



• • • • 

• • i 



The other end of the barrel connector 506 is threadably coupled to an end of an 
actuator barrel 512 that defines a longitudinal passage 512a, radial passages, 512b 

22 



and 512c, and radial passages, 512d and 512e. Torsional locking pins, 514a and 
514b t are coupled to and mounted within the external radial mounting holes, 506f and 
506g, respectively, of the barrel connector 506 and received within the radial passages, 
512b and 512c, of the actuator barrel 512. The other end of the actuator barrel 512 is 
threadably coupled to an end of a lower stop 516 that defines an internal annular 
recess 516a, external radial mounting holes, 516b and 516c, and an internal annular 
recess 516d that includes one or more circumferentially spaced apart locking teeth 
51 6e at one end and one or more circumferentially spaced apart locking teeth 51 6f at 
the other end. A sealing cartridge 518 is received within and coupled to the internal 
annular recess 516a of the barrel connector 516 for fluidicly sealing the interface 
between the barrel connector and the sealing cartridge. Torsional locking pins, 520a 
and 520b, are coupled to and mounted within the external radial mounting holes, 516b 
and 516c, respectively, of the barrel connector 516 and received within the radial 
passages, 512d and 512e, of the actuator barrel 512. 

A connector tube 522 that defines a longitudinal passage 522a is received within and 
sealingly and movably engages the interior surface of the sealing cartridge 488 
mounted within the annular recess 486a of the barrel connector 486. In this manner, 
during longitudinal displacement of the connector tube 522 relative to the barrel 
connector 486, a fluidic seal is maintained between the exterior surface of the 
connector tube and the interior surface of the barrel connector. An end of the 
connector tube 522 is received within and is threadably coupled to an end of dart/ball 
guide 524 that defines a tapered passage 524a at the other end. 

The other end of the connector tube 522 is received within and threadably coupled to 
an end of a piston 526 that defines a longitudinal passage 526a and radial passages, 
526b and 526c, that includes a flange 526d at one end. A sealing cartridge 528 is 
mounted onto and sealingly coupled to the exterior of the piston 526 proximate the 
flange 526d. The sealing cartridge 528 also mates with and sealingly engages the 
interior surface of the actuator barrel 492. In this manner, during longitudinal 
displacement of the piston 526 relative to the actuator barrel 492, a fluidic seal is 
maintained between the exterior surface of the piston and the interior surface of the 
actuator barrel. 



23 



24 



i 



The other end of the piston 526 receives and is threadably coupled to an end of a |j 

connector tube 529 that defines a longitudinal passage 528a. The connector tube 529 

is received within and sealingly and movably engages the interior surface of the sealing |j 

cartridge 498 mounted within the annular recess 496a of the barrel connector 496. In 

this manner, during longitudinal displacement of the connector tube 529 relative to the j| 

barrel connector 496, a fluidic seal is maintained between the exterior surface of the 

connector tube and the interior surface of the barrel connector. J 



i 



The other end of the connector tube 529 is received within and threadably coupled to 
10 an end of a piston 530 that defines a longitudinal passage 530a and radial passages, 
530b and 530c, that includes a flange 530d at one end. A sealing cartridge 532 is 
mounted onto and sealingly coupled to the exterior of the piston 530 proximate the 
flange 530d. The sealing cartridge 532 also mates with and sealingly engages the 
interior surface of the actuator barrel 502. In this manner, during longitudinal J 
15 displacement of the piston 530 relative to the actuator barrel 502, a fluidic seal is 

maintained between the exterior surface of the piston and the interior surface of the J| 
actuator barrel. 

i 

The other end of the piston 530 receives and is threadably coupled to an end of a 
20 connector tube 534 that defines a longitudinal passage 534a. The connector tube 534 |j 
is received within and sealingly and movably engages the interior surface of the sealing 
cartridge 510 mounted within the annular recess 506a of the barrel connector 506. In J 
this manner, during longitudinal displacement of the connector tube 534 relative to the ■ 
barrel connector 506, a fluidic seal is maintained between the exterior surface of the j 
25 connector tube and the interior surface of the barrel connector. ■ 
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The other end of the connector tube 534 is received within and threadably coupled to 
an end of a piston 536 that defines a longitudinal passage 536a, radial passages, 536b 
and 536c, and external radial mounting holes, 536d and 536e, that includes a flange |j 
30 536f at one end. A sealing cartridge 538 is mounted onto and sealingly coupled to the 

exterior of the piston 536 proximate the flange 536d. The sealing cartridge 538 also • •••• Jj 
mates with and sealingly engages the interior surface of the actuator barrel 512. In this 
manner, during longitudinal displacement of the piston 536 relative to the actuator 
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barrel 512, a fluidic seal is maintained between the exterior surface of the piston and 
the interior surface of the actuator barrel. 

The other end of the piston 536 is received within and threadably coupled to an end of 
a lock nut 540 that defines radial passages, 540a and 540b, and includes one or more 
circumferentially spaced apart locking teeth 540c at the other end for engaging the 
circumferentially spaced apart locking teeth 516e of the lower stop 516. 

A threaded bushing 542 is received within and threadably coupled to the 
circumferentially spaced apart locking teeth 540c of the lock nut 540. An end of a 
connector tube 544 that defines a longitudinal passage 544a is received within and is 
threadably coupled to the threaded bushing 542. A sealing sleeve 546 is received 
within and is threadably coupled to adjacent ends of the piston 536 and the connector 
tube 544 for fluidicly sealing the interface between the end of the piston and the end of 
the connector tube. Torsional locking pins, 548a and 548b, are mounted within and 
coupled to the external radial mounting holes, 536d and 536e, respectively, of the 
piston 536 that are received within the radial passages, 540a and 540b, of the stop nut 
540. 

The connector tube 544 is received within and sealingly and movably engages the 
interior surface of the sealing cartridge 518 mounted within the annular recess 516a of 
the barrel connector 516. In this manner, during longitudinal displacement of the 
connector tube 544 relative to the barrel connector 516, a fluidic seal is maintained 
between the exterior surface of the connector tube and the interior surface of the barrel 
connector. 

The other end of the connector tube 544 is received within and is threadably coupled to 
a threaded bushing 550. The threaded bushing 550 is received within and threadably 
coupled to a lock nut 552 that defines radial passages, 552a and 552b, and includes 
one or more circumferentially spaced apart locking teeth 552c at one end for engaging 
the circumferentially spaced apart locking teeth 51 6f of the lower stop 516. The other 
end of the lock nut 552 receives and is threadably coupled to an end of tool joint 
adaptor 554 that defines a longitudinal passage 554a, external radial mounting holes, 
554b and 554c. Torsional locking pins, 556a and 556b, are mounted within and 
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coupled to the external radial mounting holes, 554b and 554c, respectively, of the tool J 
joint adaptor 554 that are received within the radial passages, 552a and 552b f of the 
stop nut 552. A sealing sleeve 558 is received within and is threadably coupled to | 
adjacent ends of the connector tube 544 and the tool joint adaptor 554 for fluidicly 
sealing the interface between the end of the connector tube and the end of the tool joint 
adaptor. 



The other end of the tool joint adaptor 554 is received within and threadably coupled to 
an end of a tool joint adaptor 560 that defines a longitudinal passage 560a. A torsion 

10 plate 562 is received within and threadably coupled to the other end of the tool joint 
adaptor 560 that defines a longitudinal passage 562a and includes one or more 
circumferentially spaced apart locking teeth 562b at one end. An end of an upper 
bushing 564 is also received within and threadably coupled to the other end of the tool 
joint adaptor 560 proximate the torsion plate 562 that receives and is threadably 

15 coupled to an end of a cup mandrel 566 that defines a longitudinal passage 566a and 

includes a plurality of circumferentially spaced apart locking teeth 566b at one end for j 
engaging the circumferentially spaced apart locking teeth 562b of the torsion plate 562. 
The end of the cup mandrel 566 is further positioned proximate an end face of the j 
torsion plate 562. 

20 

A thimble 568 is mounted on and is threadably coupled to the cup mandrel 566 
proximate an end face of the upper bushing 564. An inner thimble 570 is mounted on 
and is threadably coupled to the cup mandrel 566 proximate an end of the thimble 568, 
and one end of the inner thimble is received within and mates with the end of the 

25 thimble. A resilient packer cup 572 is mounted on and sealingly engages the cup 
mandrel 566 proximate an end of the inner thimble 570, and one end of the packer cup 
is received within and mates with the. end of the inner thimble. A packer cup backup 
ring 574 is mounted on the inner thimble 570 proximate an end face of the thimble 568, 
and an end of the packer cup backup ring 574 receives and mates with the packer cup 

30 572. A spacer 576 is mounted on and threadably engages the cup mandrel 566 
proximate an end face of the packer cup 572. 
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A thimble 578 is mounted on and is threadably coupled to the cup mandrel 566 
proximate an end of the spacer 576. An inner thimble 580 is mounted on and is \ # 

26 



threadably coupled to the cup mandrel 566 proximate an end of the thimble 578, and 
one end of the inner thimble is received within and mates with the end of the thimble. 
A resilient packer cup 582 is mounted on and sealingly engages the cup mandrel 566 
proximate an end of the inner thimble 580, and one end of the packer cup is received 
5 within and mates with the end of the inner thimble. A packer cup backup ring 584 is 
mounted on the inner thimble 580 proximate an end face of the thimble 578, and an 
end of the packer cup backup ring 584 receives and mates with the packer cup 582. 
An adjustable spacer 586 is mounted on and threadably engages the cup mandrel 566 
proximate an end face of the packer cup 582. 

10 

An end of a cone mandrel 588 that defines a longitudinal passage 588a, an external 
lock ring groove 588b, an external lock ring groove 588c, an external lock ring groove 
588d, an external lock ring groove 588e, radial passages, 588f and 588g, and locking 
dog grooves 588h receives and is threadably coupled to an end of the cup mandrel 

15 566. A shear pin bushing 590 that defines external radial mounting holes, 590a and 
590b, at one end and an annular recess 590c at another end and includes 
circumferentially spaced apart locking teeth 590d at the other end is mounted on and is 
movably coupled to the cone mandrel 588. Torsional shear pins, 592a and 592b, are 
mounted within and coupled to the external radial mounting holes, 590a and 590b, 

20 respectively, of the shear pin bushing 590 and received within the radial passages, 
470a and 470b, respectively, of the end of the casing 470. In this manner, torque loads 
may be transmitted between the casing 470 and the shear pin bushing 590. A resilient 
lock ring 594 is retained in the external lock ring groove 588b of the cone mandrel and 
received within the internal annular recess 590c at the end of the shear pin bushing 

25 590. 

Referring to Figs. 24j, 25a, and 25b, an upper cone retainer 596 receives, mates with, 
and is coupled to the end of the shear pin bushing 590 that includes an internal flange 
596a and an internal upper pivot point flange 596b. An end of an upper cam 598 
30 includes a tubular base 598a that mates with, receives, and is movably coupled to the 
cone mandrel 588. The tubular base 598a of the upper cam 598 further includes an 
external flange 598b that is received within and mates with the upper cone retainer 596 
proximate the internal flange 596a of the upper cone retainer and a plurality of 
circumferentially spaced apart locking teeth 598c that engage the circumferentially 
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Referring to Figs. 24j, 25a, and 25e, a plurality of circumferentially spaced apart lower 
cone segments 602 overlap with and are interleaved among the upper cone segments 
600. In an exemplary embodiment, each lower cone segment 602 includes a first outer 
surface 602a that defines a hinge groove 602b, a second outer surface 602c, a third 

28 



spaced apart locking teeth 590d of the end of the shear pin bushing 590. In this || 
manner, the upper cam 598 is retained within the upper cone retainer 596 and torque 
loads may be transmitted between the upper cam and the shear pin bushing 590. 

5 Referring to Figs. 25b and 25c, the upper cam 598 further includes a plurality of 
circumferentially spaced apart cam arms 598d that extend from the tubular base 598a 
in the longitudinal direction that mate with, receive, and are movably coupled to the 
cone mandrel 588. Each cam arm 598d includes an inner surface 598da that is an 
arcuate cylindrical segment, a first outer surface 598db that is an arcuate cylindrical 

10 segment, a second outer surface 598dc that is an arcuate conical segment, and a third 
outer surface 598dd that is an arcuate cylindrical segment In an exemplary 
embodiment, each of the cam arms 598d are identical. 

Referring to Figs. 24j, 25a, and 25d, a plurality of circumferentially spaced apart upper 
15 cone segments 600 are interleaved among the cam arms 598d of the upper cam 598. 
In an exemplary embodiment, each upper cone segment 600 includes a first outer 
surface 600a that defines a hinge groove 600b, a second outer surface 600c, a third 
outer surface 600d, a fourth outer surface 600e, a first inner surface 600f, a second 
inner surface 600g, a third inner surface 600h, and a fourth inner surface 600i. In an 
20 exemplary embodiment, the first outer surface 600a, the second outer surface 600c, 
the fourth outer surface 600e, the first inner surface 600f, the second inner surface 
600g, and the fourth inner surface 600! are arcuate cylindrical segments. In an 
exemplary embodiment, the third outer surface 600d is an arcuate spherical segment. 
In an exemplary embodiment, the third inner surface 600h is an arcuate conical 
25 segment. In an exemplary embodiment, each of the upper cone segments 600 are 
identical. In an exemplary embodiment, the hinge grooves 600b"of the upper cone 
segments 600 receive and mate with the pivot point 596b of the upper cone retainer 
596. In this manner, the upper cone segments 600 are plvotally coupled to the upper 
cone retainer 596. 
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outer surface 602d, a fourth outer surface 602e, a first inner surface 602f, a second 
inner surface 602g, a third inner surface 602h, and a fourth inner surface 602L In an 
exemplary embodiment, the first outer surface 602a, the second outer surface 602c, 
the fourth outer surface 602e, the first inner surface 602f, the second inner surface 
602g, and the fourth inner surface 602i are arcuate cylindrical segments. In an 
exemplary embodiment, the third outer surface 602d is an arcuate spherical segment. 
In an exemplary embodiment, the third inner surface 602h is an arcuate conical 
segment. In an exemplary embodiment, each of the lower cone segments 602 are 
identical. 

Referring to Figs. 24j. 25a f 25b, and 25f f a plurality of circumferentially spaced apart 
cam arms 604a that extend in the longitudinal direction from a tubular base 604b of a 
lower cam 604 overlap and are interleaved among the circumferentially spaced apart 
cam arms 598d of the upper cam 598 and mate with, receive, and are movably coupled 
to the cone mandrel 588. The tubular base 604b of the lower cam 604 mates with, 
receives, and is movably coupled to the cone mandrel 588 and includes an external 
flange 604c and a plurality of circumferentially spaced apart locking teeth 604d. Each 
cam arm 604a includes an inner surface 604aa that is an arcuate cylindrical segment, 
a first outer surface 604ab that is an arcuate cylindrical segment, a second outer 
surface 604ac that is an arcuate conical segment, and a third outer surface 604ad that 
is an arcuate cylindrical segment. In an exemplary embodiment, each of the cam arms 
604a are identical. 

An end of a lower cone retainer 606 includes an inner pivot point flange 606a that 
mates with and is received within the hinge grooves 602b of the lower cone segments 
602. In this manner, the lower cone segments 602 are pivotally coupled to the lower 
cone retainer 606. The lower cone retainer 606 further includes an inner flange 606b 
that mates with and retains the external flange 604c of the lower cam 604. In this 
manner, the lower cam 604 is retained within the lower cone retainer 606. 

The other end of the lower cone retainer 606 receives and is threadably coupled to an 
end of a release housing 608 that defines a radial passage 608a at another end and 
includes a plurality of circumferentially spaced apart locking teeth 608b at the end of 
the release housing for engaging the circumferentially spaced apart locking teeth 604d 
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